To what extent do national borders and national currencies impose costs that segment markets across countries? To answer this question we use a dataset with product level retail prices and wholesale costs for a large grocery chain with stores in the U.S. and Canada. We develop a model of pricing by location and employ a regression discontinuity approach to estimate and interpret the border effect. We report three main facts: 1) The median absolute retail price and whole-sale cost discontinuity between adjacent stores on either side of the U.S.-Canada border is as high as 21%. In contrast, within-country border discontinuity is close to 0%; 2) The variation in the retail price gap at the border is almost entirely driven by variation in wholesale costs, not by variation in markups; 3) The border gap in prices and costs co-move almost one to one with changes in the U.S.-Canada nominal exchange rate. We show these facts suggest that the price gaps we estimate provide only a lower bound on border costs. * We are grateful to
Introduction
To what extent do national borders and national currencies impose costs that segment markets across countries? Some of the central questions in international economics, ranging from the transmission of shocks across borders to the gains from regional integration hinge on the answer to this question.
There is little doubt that borders generate additional transaction costs, from the use of different monies to the regulatory costs of obtaining national permits, that can translate into price differences. In addition, national borders delineate different economic environments: variation in national tastes, market conditions, wages, transportation infrastructures among others can generate additional sources of price differences. Further, the effect of border costs varies by market. From a consumer's perspective fairly small transaction costs can effectively segment markets. By contrast, at the whole-sale level, given the large volumes involved, the gains to arbitraging even small price gaps are large. The relevant question then is about identifying the factors that generate the 'border effect' and the magnitude of this effect.
We address these questions, by making the following contributions. First, we use unique weekly data on retail prices and wholesale costs for detailed products at the barcode level from a large grocery chain with stores in the US and Canada to measure the effect of the border on market segmentation. We present evidence of the impact of border costs at both the consumer and whole-sale level. Second, we develop a model of pricing by stores located on a circle to document possible patterns of cross-border prices. We then employ a regression discontinuity approach to estimate the border effect, exploiting the information we have about the geographical location of stores.
More specifically, our dataset has information on retail prices and wholesale costs for While these raw facts are indicative of a significant economic effect of the border and departure from the law of one price, a comparison of averages masks potential differences in market conditions and arbitrage costs for US and Canadian stores close to and far away from the border. We address this issue with a stylized model of pricing by stores located on a circle, along the lines of Salop (1979) 's circular city model. The model endogenously determines the distribution of prices within and across countries in the presence of a border cost and heterogeneity in marginal costs across countries. It delivers two important insights.
First, the impact of border costs is observed only through changes in prices "close" to the border, and has little effect on pricing decisions "far" away from the border, a distinction often overlooked in the empirical literature. Second, when border costs become sufficiently large, markets are fully segmented across countries, and the magnitude of border costs does not affect pricing decisions any longer. In that case, price differences at the border provide a lower bound for border costs and move one-to-one with cost differences, while markup differences remain almost unchanged. Thus, the model has the potential to account for the stylized facts exhibited in the data.
We then exploit the central prediction of the model -that the impact of the border on prices depends on the distance to the border -to estimate the effect of the border using a regression discontinuity (RD) design. The RD approach has been popularized in recent years to estimate the causal effect of treatment in a variety of settings, and we apply it to the question of border effects. We use the precise geographic location of the stores in our data to answer the following questions: Do we see deviations from the law of one price between stores located right across the border from each other? To illustrate, Figure 1 plots the (log) average price across stores (in 50 km. bins) for Perrier Sparkling Natural Mineral Water, 25fl. oz against the distance of the store from the border in the first week of 2004.
As is evident, there is a clear discontinuity at the border that is indicative of the treatment of the border. The RD design controls for the fact that stores located far apart can face very different market conditions or arbitrage costs compared to stores located close to one another. A significant price discontinuity as we cross the border is then interpreted as the local effect of the border. We then decompose the border discontinuity in prices into a discontinuity in costs and in markups.
We report three main findings from the RD estimates. First, we observe large and heterogenous discontinuities at the border across products for retail prices, wholesale costs and markups. The median price discontinuity (across UPC's) is as high as 15% for prices and 17% for wholesale costs while the median absolute price discontinuity is 21% for prices and 21% for costs. The standard deviation across UPC's is large, indicating that the discontinuity at the border varies from large and positive to large and negative across goods. Second, the median retail and wholesale price discontinuities at the border move one to one with the U.S.-Canada nominal exchange rate. The Canadian dollar appreciated (in cumulative terms) by 16% over our sample period. Over the same period both the median retail price and wholesale cost discontinuities increased by almost 12%. Third, the mark-up discontinuity remained mostly unchanged over the sample period. These last two findings are consistent with a full segmentation of retail markets between the U.S. and Canada over the period of our study and the set of goods in our sample.
We probe the robustness of our results in four ways. First, we restrict the sample to stores located in Oregon, Washington and British Columbia, and find that the estimates are unchanged. Second, we expand the number of products we consider by creating store-level price indices calculated over finely disaggregated sub-categories of goods. Here, we compare the discontinuous change in the price indices at the border and find similar results. Third, we compare the behavior of costs for store-branded products to our benchmark estimates to examine whether our cost data is allocative. As expected, we find much less co-movement between relative costs and the exchange rate for the store branded products. Fourth, we contrast our results for the U.S.-Canada border with similar estimates within country. We focus on the Washington-Oregon border and find almost no evidence of a discontinuity at the border. This paper builds on the large literature on the segmentation of retail markets across countries. This literature has generally found deviations from the law of one price that are large, volatile, and remarkably correlated with the nominal exchange rate.
1 In particular, a seminal paper by Engel and Rogers (1996) shows that the volatility of changes in price indices for disaggregated product categories between U.S. and Canadian cities are much larger than that observed across cities within the same country. A large literature has followed up on Engel and Rogers (1996) 's influential paper by studying goods at a more disaggregated level.
2 In this respect, our paper is related to the work of Broda and Weinstein (2007) who use a large amount of barcode-level price data collected at the consumer level and find a similar degree of price segmentation across and within borders. While the level of disaggregation in Broda and Weinstein (2007) is similar to that in the data we use, a key difference is that our data captures prices charged by the same retailer in all locations, while the Broda and Weinstein (2007) data contains prices at which consumers purchase a particular good in a given location without any control for retailer heterogeneity.
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Another main difference from these papers and many others in the literature is the use of the regression discontinuity approach, which directly addresses an important critique raised by Gorodnichenko and Tesar (2009) . That paper points out that estimates of the border effect in regressions like those used by Engel and Rogers (1996) are not identified.
Heterogeneity in price determining factors, such as variation in demand can generate price dispersion that have little to do with border costs. Standard regressions will incorrectly attribute the difference to border costs. Our paper directly addresses the critique laid out in Gorodnichenko and Tesar (2009) as it both develops a stylized model of price determination across the border and employs a regression discontinuity approach that exploits critical information about the geographical location of stores.
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Sections 2 and 3 describe the data and present preliminary evidence on the pattern of 1 See Rogoff (1996) and Goldberg and Knetter (1997) for comprehensive reviews of this literature.
2 Crucini and Shintani (2006) and Crucini, Telmer and Zachariadis (2005) for instance examine the retail price of narrowly defined product categories such as "Washing Powder", across countries within the European Union. Others focused on specific goods, such as The Economist magazine (Ghosh and Wolf (1994) ) Ikea's furniture products (Haskel and Wolf (2001) ; Hassink and Schettkat (2001) ), or Scandinavian dutyfree outlets (Asplund and Friberg (2001) ). Parsley and Wei (2007) decompose the price of a Big Mac across countries into variation in marginal costs and variation in markups. Goldberg and Verboven (2005) study the automobile car market in Europe. See Goldberg and Verboven (2001) for a survey.
3 See Nakamura (2008) for novel evidence on pricing across and within retailer at the upc level. 4 In contemporaneous work, Burstein and Jaimovich (2008) , also examine the pattern of prices in the U.S. and Canada using the same dataset. Unlike us, Burstein and Jaimovich (2008) take as given that markets are segmented and do not address the question of measuring border costs.
prices, costs and mark-ups in the U.S. and Canada. Section 4 describes the circular world model while section 5 discusses the regression discontinuity design and the estimates of border costs across countries. Section 6 presents additional results and Section 7 concludes.
All proofs are relegated to the Appendix.
Data Source
We have access to weekly store-level data for a sample of 325 grocery stores from a large retail chain that operates in the United States and Canada. This chain is one of the leading food and drug retailers in North America. It operates directly or through its subsidiaries nearly 1800 stores in a broad range of geographic locations and socio-economic neighborhoods (1400 stores in the US and 400 in Canada).
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The data set contains weekly total sales, quantities sold, wholesale unit cost as well as Mineral Water with a Lime Twist are two separate members of the Soft Beverages product group.
Of the 125,048 unique UPCs in our dataset, our first task is to find the set of 'matched UPCs', i.e. the set of products that appear in identical form in at least one Canadian and one US store, in at least one week. The set of matched UPCs are concentrated in books and magazine (2,505), alcoholic beverages (403), Ethnic & gourmet food (306) and household cleaning products (159).
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The distribution of products across product groups is very skewed, with a median around 11 products and a mean of 97.
11 Table 1 reports information on the number of distinct products (among matched goods)
7 There are 98,430 unique UPCs in the U.S., and 32,961 unique UPCs in Canada. The total number of price observations across stores and time is close to 40 million.
8 We arrive at this number in the following way. We start with the set of unique UPCs that appear in at least one US and one Canadian store (6,343). We check the product descriptions to ensure that the products are identical (6,283). We further drop UPCs with less than 10 digit since these are generated internally by the retail chain and may not be consistent across countries (5,900). We further eliminate products in the fresh bread/baked goods, deli, food service, produce, seafood, meat and floral arrangements categories since these goods contain a higher local labor content and are not available in identical form in different stores (4,221 goods).
9 Matching goods that do not share the same UPC is an impossible task given the limited product information we have.
10 'Books and Magazines' have a printed sale price that is sticky in the local currency. We find that all our results hold similarly for the sample that excludes this category of goods.
11 See column (4) of table 4 for a breakdown of matched upcs by product groups.
per store-week and per store-pair-week in our data. The average store in the data carries 492 distinct matched products for which we have data in a typical week. We find about 272 (243) matched products for a typical within country store pair in the U.S. (Canada) in a given week, and 164 for a cross-border store-pair.
The data set contains information on "Gross" and "Net" sales. We construct corresponding gross and net prices for each UPC by dividing sales by quantities. Both retail prices exclude (US) sales and (Canadian) federal value-added taxes and provincial sales taxes.
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The net price can differ from the gross price when there are sales (coupons, promotions). It is always smaller than or equal to the gross price and exhibits significantly more variability.
We also have information on the "Whole-sale Cost" which refers to the list price at which the retailer purchases a given product from the wholesaler. These costs need not represent the true cost to the retailer given that there are typically freight and transport costs as well as retail allowances, i.e. rebates provided by the wholesaler to the retailer or vice versa.
To correct for this, we use data on "Adjusted Gross Profits" per unit to back out the "Net Cost", or imputed cost of goods. The precise link between the whole-sale cost and the net cost is as follows:
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Net cost = Whole-sale cost − Allowances (1) = Net Price − Adjusted Gross Profits At short horizons, with rent, capital and labor taken as given, it is natural to interpret the net cost as a measure of the marginal cost of goods. Equivalently, "Adjusted Gross Profits" measure the mark-up at the product and store level. At longer horizons, adjusted gross profits represent an upper bound for the product mark-up.
12 From a consumer's perspective the relevant price is the price inclusive of sales and V.A.T. tax. We do not have this tax information which varies by UPC and location both within and across countries. For instance, many food products are exempt from sales tax both in the US and Canada. On the other hand, we found that sales and value added taxes are higher in British Columbia (13%) as compared to Washington State (around 8%). To the extent that before tax prices are higher in Canada than in the US, as we find for most goods, this implies that the after tax price gap is even larger than what we measure.
13 According to information provided by our retailer, allowances consist of the sum of shipping allowances, scan allowances, direct-store-delivery case billback allowances, header flat allowances, late flat allowances, new item allowances, minus the sum of buying allowances, freight allowances, overseas freight and distress and other allowances.
It is natural to question whether our measure of net costs is allocative. Among other things, this requires that freight, transport and retail allowances are measured correctly at the product and store level. There are a number of reasons why this might be difficult, potentially affecting our measure of marginal costs.
14 Since we don't have a breakdown of allowances between their different components, we cannot directly address this question.
Nevertheless we propose in section 6.2 an indirect way to assess whether our cost measure is allocative by comparing whole-sale costs and net costs for store brand products and other products. Since our retailer controls most of the supply chain for store-brand products, we would expect -as we indeed find-a very different behavior of cross-border relative costs for these two categories of products, especially for whole-sale costs. This is consistent with the view that our cost measures are indeed allocative.
3 Preliminary analysis of LOP deviations at the border
Median deviations over time
As a first pass at the data, the top left part of Figure US/CAN nominal exchange rate. The overall correlation between the two series is striking: the evolution over time in the median price gap mirrors almost perfectly the evolution of the nominal exchange rate.
Using the identity:
where p k is the price of good k,cost k is the marginal cost and markup k denotes the markup, the top-right and bottom left panels perform the same exercise for the imputed (net) cost and the resulting markup. Looking at the two figures side by side reveals a striking fact:
most of the movements in the median price gap result from corresponding movements in relative costs, while relative mark-ups show barely any response to the fluctuations in the exchange rate. This result is robust to the definition of the price (gross versus net) or of the costs (wholesale versus imputed).
Prices in our sample change very frequently. The median frequency across UPC's is 0.41 for net prices (0.22 for gross prices), implying a median duration of 2.4 (4.5) weeks. 15 Despite the high median frequency, a significant fraction of goods do not change price during the entire sample. To ensure that these goods do not drive the results we divided the sample into high-and low-frequency adjusters depending on whether their frequency of price adjustment is above or below the median. In both cases, we found that the median price gap increases over time.
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Overall, the evidence indicates that the median price gap moves closely with the nominal exchange rate and that cost differences play an important role. Similarly, the median absolute price gap (column 5) is larger for cross-border stores (15 percent) as compared to either the within-US (3.7 percent) or the within-Canada (0 percent) 18 The median number of UPCs differs from the numbers in table 1 because we are only looking at a single week of data.
Dispersion Across UPC's

Dispersion Across Stores
19 Since these are pre-tax prices, the 7% Canadian value-added tax (or GST) cannot account for the result.
pairs. The fact that there is less price dispersion within-Canada as compared to within-US is also consistent with the evidence in Engel and Rogers (1996) and Gorodnichenko and Tesar (2009) and unlike Broda and Weinstein (2007) . Panel B indicates similar results for the median absolute imputed cost gap: it is much larger for cross-border store pairs (18 percent)
as compared to within-U.S. store pairs (1 percent) and within-Canada pairs (0 percent).
This difference is small for mark-ups.
While these raw statistics of the failure of the law of one price are indicative of border costs, there are other reasons for these differences that one needs to control for. One popular approach to estimating the border effect consists in estimating regressions of some measure of deviation from the law of price across store-pairs against distance between stores and a border dummy, along the lines of Engel and Rogers (1996) . 20 As argued by Gorodnichenko and Tesar (2009) , estimates of the border effect from these regressions are generically not identified. In particular, cross-country heterogeneity in price determinants can generate price dispersion that have little to do with border costs. Standard regressions will incorrectly attribute these differences to border costs. Another important issue is that market conditions and arbitrage costs may be very different for US and Canadian stores located close or far away from the border, a feature that is not captured by the median price gaps described above, or the usual border regressions.
In the next sections we address both issues by presenting a model of price determination as a function of the distance to the border, along with other usual price determinants (such as costs, demand, market structure). The analysis both motivates a departure from the standard regressions used in the literature to one that uses a regression discontinuity design and helps interpret the estimated 'border effect'.
20 For comparison with the previous literature we estimated border regressions similar to Engel and Rogers (1996) and Broda and Weinstein (2007) . We find that the 'border coefficient' is both sizeable and robust to the exclusion of within-country store pairs in Canada or in the U.S. However, we depart from this regression framework in the rest of the paper for reasons discussed below.
Circular World
We present a stylized model that endogenizes the distribution of prices across locations in the presence of border costs. The model is a two-country version of Salop (1979) 
Consumers
We assume that a unit mass of consumers is uniformly distributed on the unit circle. Each consumer buys one unit of the good and, all else equal, strictly prefer to shop in stores that are closer to their location. They incur a cost t ≥ 0 per unit of distance traveled that reflects transportation costs or the consumer's value of time, as well as a cost b ≥ 0 when crossing the border. The utility of a consumer located at ω and shopping in store i is given by
Here, I(ω i , ω) is an indicator function for whether the consumer and store are in different countries, θ captures the own price elasticity of demand and t is inversely related to the degree of substitutability across store locations. We assume that ν is large enough so that all consumers purchase one unit of the good in equilibrium.
Costs
The marginal cost of goods in location i is
Here, χ j denotes the wholesale price of the good in country j and b c ≥ 0 is the border cost to the retailer. Note that it will always be the case that c i is the same for all stores in the same region.
Demand Functions
We solve for the equilibrium distribution of prices in the following manner. We first solve for the profit maximizing price for interior stores, defined as stores not adjacent to the border.
We then consider the profit maximizing prices of the border stores. If we assume that the parameters of the model are such that all stores earn positive profits in equilibrium, this implies that consumers will not shop at stores that are further than 1/N AB from their own location. In particular, between any pair of stores i and i − 1, there will be a marginal consumer indifferent between shopping at either store.
Interior Stores
Consider an interior store i in country j. Given the previous discussion, the total demand for products at that store is
That store chooses its price p i to maximize static profits:
taking p i−1 and p i+1 as given. The following proposition characterizes the distribution of interior prices.
Proposition 1 The distribution of interior prices takes the following form 1. For stores in the interior of country A :
2. For stores in the interior of country B :
In the expressions above, cosh denotes the hyperbolic cosine function, κ ≡ cosh −1 2 ≈ 1.317 is a constant,p A = p 1 = p N A represents the price in the border store in country A and
represents the price in the border store in country B.
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As equations (3) and (4) indicate, prices are increasing in marginal costs c i , decreasing in the elasticity of substitution across locations (1/t) and the total number of stores N AB , and increasing in the price of the store located at the borderp A andp B . Importantly, the border cost only affects prices of interior stores through its effect on prices at the border stores, and this effect decreases with the distance from the border.
Border Stores
The final step is to characterize the prices of the border stores,p A andp B . We consider two cases: (a) full market segmentation, for the case where border costs are large enough relative to the equilibrium price gap across the border such that consumers do not cross the border;
(b) partial market segmentation, for the case when some consumers cross the border.
23 The hyperbolic cosine function is given by cosh(x) = (e x + e −x ) /2.
The following set of propositions characterizes border prices in these two cases, if such equilibria exists. (i) the prices of stores at the border are given bŷ
where
The difference in prices of border stores moves one to one with the difference in costs,
Proposition 2 corresponds to the case where the difference in prices between border stores, |p A −p B |, is smaller than the border cost b. In this case the demand functions are independent of prices on the other side of the border, and markets are completed segmented.
The observed difference in prices at the border is also independent from the border cost b, and only provides a lower bound on its true value.
Proposition 3 [Partial Segmentation]
(i)If the marginal consumer for the border stores is located in country A, that iŝ
24 Whether partial or full market segmentation exists in equilibrium depends in a nontrivial way on the parameters of the model. Checking for all the conditions for a particular equilibrium to exist in our multi store set-up is a complicated theoretical problem, largely orthogonal to our main purpose. In a simpler environment with two symmetric stores located on a line and linear transportation costs d 'Aspremont, Gabszewicz and Thisse (1979) show that the profit function has two discontinuities and under some conditions an equilibrium may not exist. Existence requires that both firms not be located too close to each other. In our setting the number of possible demand scenarios faced by a firm increases relative to the case analyzed in d 'Aspremont et al. (1979) because there are more than two firms, the shape of the profit function varies with the border cost parameter and with differences in costs.
then markets are partially segmented and the prices of stores at the border are given bŷ
where ν A and ν B are as before and
(ii) If the marginal consumer for the border stores is located in country B, that iŝ
The last proposition illustrates the case when |p A −p B | > b. In this case, the demand functions depend on prices on the other side of the border, the border parameter b enters the pricing equations and changes in relative costs affects both relative prices of stores at the border as well as relative markups of the border stores.
Graphical Illustration
Figures 6 and 7 illustrate the qualitative features of the model. These figures depict prices as a function of the distance to the border, where the border is represented by the solid vertical line at 0. Prices for region A (region B) are to the right (left) of the border. In Figure 6 we consider the case where the border parameter b is high enough that markets are fully segmented (Proposition 2). We assume that the number of stores is the same in the two countries and set N A = N B = 20.
For the left figure we assume that c A = c B .
25 Since markets are entirely segmented, stores close to the border are shielded from competition from stores across the border and charge a higher price than interior stores. Given the symmetry, however, there is no difference in border prices:p A =p B . As stated earlier, this does not imply that there is no border cost (b = 0), simply that it cannot be estimated from price differences across borders. For the panel on the right, we consider the case where costs differ on each side of the border, with costs in region A being greater than costs in region B: c A > c B . This difference in wholesale costs generates a price discontinuity at the border but the discontinuity is unrelated to the border cost. As we will see in the empirical section, this seems to be the relevant case.
In Figure 7 the border parameter b is set to 0 so we know that markets must be integrated across borders. All else is the same as in Figure 6 . In the panel to the right, there is still a price discontinuity, that arises purely from the differences in costs. The magnitude of this discontinuity is always smaller than the difference in costs. 
Discussion
The model presented in the previous section delivers the following insights. First, if countries are completely symmetric, the endogenous distribution of prices is identical across countries and there are no border price discontinuities, regardless of the size of border costs.
Consequently, the border cost cannot be estimated by comparing price differences across borders alone: regressions along the lines of Engel and Rogers (1996) and Broda and Weinstein (2007) reveal no information about the extent of the border effect. 27 A related point is that if border costs are sufficiently high, markets are perfectly segmented and the magnitude of border costs does not affect pricing decisions. In that case, price differences at the border provide only a lower bound on the true size of border costs.
Second, prices of stores that are far from the border are minimally affected by the size of the border cost b. As seen in the right panel of Figures 6 and 7 prices of stores far from the border barely change even when we move from full segmentation to b = 0. The effect of the border is observed mainly for stores close to the border. 28 In most of the existing literature, owing to lack of data, no distinction is made between stores that are close to the border and stores that are far from it. Our dataset allows us to use the precise geographical location of stores to make this important distinction.
Third, the behavior of relative prices and relative markups is very different in situations of full and partial segmentation. As figure 8 demonstrates, when markets are fully segmented, fluctuations in relative costs are reflected mostly in relative prices, with minimal impact on relative markups. By contrast, when markets are partially segmented, fluctuations in relative costs impact both relative prices and relative markups. We will exploit the time series dimension of our dataset and the movements in the US-Canada nominal exchange rate, interpreted as exogenous shocks to the relative costs, to explore this implication of the model.
Lastly, equilibrium prices depend on many factors such as the degree of substitutability across locations, the number of competitors, the own price elasticity of demand all of which can vary with location. If this heterogeneity is not taken into account price differences can be attributed to border costs even when these costs are zero, a point made by Gorodnichenko and Tesar (2009) . The next section details how the regression discontinuity approach will address this concern.
Regression Discontinuity Design
This section implements a regression discontinuity design to measure the effect of the USCanadian border. 29 The central difficulty with estimating the border effect is that border costs affect mostly stores close to the border while market conditions and arbitrage costs may be very different for stores located far away from the border. We will address this difficulty
by exploiting the precise geographic location of each store in our dataset. We will compare the price of identical products sold in adjacent stores located on different sides of the border and measure the discontinuous change in prices as one crosses the border.
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Consider the following empirical model of the relationship between the U.S. dollar price p k i of product k in store i and various covariates:
where C i is a dummy variable that is equal to 1 if store i is located in Canada, X i measures other observable characteristics of market i, and ǫ 30 Holmes (1998) uses a similar approach to estimate the effect of right-to-work laws on employment across US states.
The effect of the border is then estimated as:
k answers the question: how do prices change when one crosses from
where ε is some small number.
We follow Imbens and Lemieux (2007) and estimate γ k using a local linear regression approach including distance as an additional regressor, interacted with the border dummy:
Importantly, this local linear regression restricts the sample to stores at a distance ε D from the border, that is |D j | < ε D . The optimal distance ε D is selected using a standard bandwidth selection criterion, based on the cross-validation procedure advocated by Imbens and Lemieux (2007) . 31 As for the observable covariates X i , we measure these by variables that capture the demand characteristics of location i. 32 We consider the number of supermarkets per square km, 33 the population density measured by population per square km, the proportion of people aged 0-19 and aged 65 and up, the proportion of black people, the year the store was opened and household income in US dollars.
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The key assumption is that the unobserved characteristics ǫ k i do not change discontinuously at the border. Although we cannot test this assumption directly, we do three things to assess its plausibility. First, we examine whether the observable characteristics X i change discontinuously at the border. If the observable characteristics do not change discontinuously at the border, then this is also likely to be the case for the unobservable characteristics.
Moreover, even if observable characteristics are not continuous at the border, this does not 31 The procedure looks for the minimum value of the cross-validation criterion in 100km increments. The optimal bandwidth ranges from 100km to 700km. For most product-groups week pairs, the optimal bandwidth is either 100km, 350km or 500km. All store level observations beyond this cut-off are effectively discarded.
32 Holmes (2008) , who estimates demand for products sold in Walmart Stores, considers similar variables. 33 These are establishments in NAICS 445110 (Supermarkets and Other Grocery Stores, but not Convenience Stores) 34 U.S. data comes from from the US population census and economic census data base. Canadian data comes from from Statistics Canada. There is a difference in the level of disaggregation at which the data is collected because Canadian data is collected at the county level while U.S. data is collected by zip code. 
Graphical Analysis
We begin by plotting the distribution of the distance of stores in our sample from the U.S.-
Canadian border (in kilometers).
35 Figure 9 plots the density of all stores in our sample as a function of the algebraic distance from the border (i.e. distance is negative for Canadian stores and positive for the US stores). Each bin width is 50 kms.
As can be seen, all Canadian stores are located less than 1,000 kms from the border, while many stores in the U.S. are more than 1000 kms from the border. Obviously, the geographical concentration of economic activity in the U.S. is very different from that in Canada, highlighting Gorodnichenko and Tesar (2009) 's caution about estimates that do not take within-country heterogeneity differences into account. Nonetheless, we don't observe any significant discontinuity in store density right at the border. This suggests that the location of stores for this retailer does not appear to be directly influenced by the border.
Although this is less of a concern with our approach, since we are only looking at U.S. and
Canadian stores that are physically close to each other, we need to recognize that not all border points are the same. From Figure 2 , it is clear that many Canadian stores close to the border have no counterpart on the US side. To address both issues, we will also present results with a sample of stores located in Oregon, Washington, and British Columbia (21 Canadian and 41 U.S. stores) where market conditions are likely to be more homogenous and there is an important concentration of stores close to the border. We refer to this sample as 35 The distance was calculated using the ArcGIS software.
the "West coast sample".
Figure 10 depicts graphically the regression discontinuity for some relevant covariates.
Each point is the average value of the relevant variable within 50 km bins. Graphically, for several of these variables no stark discontinuity is apparent. We formally test for this and find that when all stores are included there is some discontinuity at the border for the age variables as well as for the proportion of African Americans. When we restrict attention to our west coast subsample of stores, these discontinuities disappear, but we find some discontinuities for the fraction of seniors as well as median household income. As mentioned above, we will include these variables in our specification when exploring the price and costs gaps. specification we use all stores within 500 kms from the border. 36 We also estimated the coefficients using the optimal bandwidth selection criterion proposed in Imbens and Lemieux (2007) , with similar results. We do this separately for the price, wholesale cost, and markup for each UPC and for each week, both with controls for the covariates and without the controls. The figures illustrate that the effect of the border varies substantially across products. 37 As can be seen, the border discontinuity in prices is centered around zero in the first 
Regression Discontinuity Estimates
S. dollar lowered markups in Canadian stores
36 We restrict the sample to those UPC's that have a minimum of 10 store observations on both sides of the border.
37 This finding is consistent with the fact that stores in our sample may not choose their location as a function of the border since for many products, the price gap is positive, but for many others it is negative. relative to that in U.S. stores. However, a visual inspection of the shift in the distribution of costs and markups suggests that the shift in costs overwhelms the change in markups.
We make two additional points. First, the distributions look very similar when the regression is estimated without (left panel) and with (right panel) covariates. This assuages concerns that omitted variable might result in biased estimates of the border effect. Second, we see the same high pass-through from costs to prices when we extend the sample of stores to those farther away from the border as we do with stores close to the border. Our model suggests that if markets are integrated between the U.S. and Canada, the border effect as estimated using stores at the border should be smaller than that estimated from the larger sample of stores (all else equal). Therefore, the fact that this is not the case suggests that retail markets for the products we consider are almost fully segmented between the U.S. and Canada. Table 3 reports the summary statistics of the distribution of prices, costs, and markups for week 21 of year 2007 (in the no-covariates case) plotted in Figures 11(a)-11(f) . The median net price (imputed cost) gap is 15% (17%) for the full sample. When restricted to the West Coast sub-sample (Panel B) the estimates are 22% (22%). The median absolute net price (imputed cost) gap is 21% (21%) for all stores and 24% (24%) for West coast stores.
Next, we plot in Figures 12(a) -12(d) the median (across UPC's) estimate for price (both net and gross), costs (imputed and wholesale) and mark-ups over time. We also plot the U.SCanada nominal exchange rate. As can be seen, there is virtually a one-to-one correspondence between movements in the median price and the median cost border effect and the exchange rate. By contrast, the movements in the mark-up are much smaller. In January 2004, the median net price gap was 5 percent lower in Canada relative to the US. By the middle of 2007, the median price gap was 15 percent higher in Canada. Over this time period, the U.S. dollar depreciated by roughly 16 percent relative to the Canadian dollar. Since wholesale costs can be viewed as the most 'traded' component of the retailers costs, the discontinuity in this component of costs is particularly striking. All results hold similarly for the west coast sub-sample.
We take four messages from this evidence. First, there is a great deal of heterogeneity in the "effect" of the border on prices, with both negative and positive price gaps. Second, the fact that the price gaps move almost one to one with costs gaps suggests that the two markets are fully segmented. In that case, our model indicates that price gaps provide a lower bound on the border costs. Since we find significant gaps in both prices and costs, we conclude that the effect of the border is sizeable. Third, the fact that the estimates obtained when comparing adjacent stores across the border are similar to estimates obtained from the entire sample of stores is also suggestive that markets are fully segmented. Fourth, it appears that wholesale markets are highly segmented, even when servicing the same retailer. This is especially striking since the wholesale component is the most tradable component of overall costs.
Further Results
Price indices
We have so far compared products with the same UPC's. Although this has the virtue of comparing identical products in the two countries, the limitation is that the sample of products with common UPC's is a small subset of the available products. We now expand We then use the RD approach to measure the discontinuity in the percentage change of the price index as one crosses the border. For this, we consider all stores that are within 200 kms. of the border. The results are reported in Figures 13(a)-13(d) . Each panel reports the median discontinuity in the percentage change in the price index across time. The top row presents the median discontinuity for the product groups and the bottom row does the same for the product classes. Superimposed is rate of depreciation of the exchange rate. As is evident the co-movement between the percentage change in price and cost indices, and the rate of depreciation of the exchange rate is very high.
Store-brand products
A question is whether the cost measures we use are allocative or whether they are accounting costs. Here we focus on products that are sold under the brand of the retail chain to examine this. The idea is that the retail chain arguably controls a larger segment of the supply chain for store branded products, and thus the cost measures are arguably less allocative for these products.
38 To the extent that all production is not done in-house it is still possible that manufacturers might segment markets across borders. However, we expect this segmentation to be less severe than for other products. We investigate this in Figures 14(a)-14(b) by plotting the co-movement between the median RD estimates for store brands and the exchange rate. As is evident the co-movement is much less evident for these goods as compared to the full sample that includes mainly non-store brands (Figures 12(a)-12(d) ).
Intra-national borders
This section compares our evidence on cross-border price costs and mark-up gaps to within country estimates at the Washington-Oregon border, which is a subset of our West coast sample. This serves an important purpose: within country border discontinuities -where transactions costs are presumably lower-provide a natural benchmark for cross border discontinuities. In the language of the treatment effect literature, this internal border serves as placebo.
In Figure 15 we plot the net price of Perrier water regular as a function of the distance from the Washington-Oregon border. Stores in Washington are plotted to the left of the border line (D < 0) and stores in Oregon to the right (D > 0). Each dot represents the average gross price within a 50 km bin. As is evident, unlike the case of the US-Canada border, there is no evidence of a discontinuity for the Perrier water.
Next, we estimate the RD at the internal border for the products that were matched across borders. Very similar results were obtained when the sample was extended to include 38 We identify manually 225 store-brand products in our sample of 4,221 matched products.
all UPC's that were traded within U.S. boundaries. Panel C of Table 3 reports the results for the internal borders. There is no evidence of a discontinuity in prices or costs.
In Figures 16(a) and 16(b) we plot the distribution of regression discontinuity estimates by UPC at the Washington-Oregon border for net prices and imputed costs. We find that, in contrast to Figures 11(a)-11(f) , the point estimates are almost all concentrated at 0 for every week in our sample.
Conclusion
This paper revisits a classic question about the role of international borders in segmenting markets. Our paper improves on the existing literature along three dimensions. Firstly, we use barcode level price and cost data from a single retail chain operating in the US and
Canada. Next, we develop a stylized model of price determination along the circle. Finally, we use the model to motivate a regression discontinuity estimate of the border effect.
We find strong evidence of international market segmentation, even for identical goods.
The failure of the law of one price that we observe at the UPC level is very similar to the failure observed at a more aggregate level. Therefore the argument that aggregate level evidence arises mainly from a compositional bias is not supported by our results. We also find that most differences in cross border consumer prices arise from differences in an apparently tradable component of costs, and not from systematic mark-up differences.
Since the gains to arbitrage are greater at the whole-sale level, where transacted volumes are much larger than at the retail level, this finding reaffirms the existence of a large border costs. A limitation of our work is that we examine a specific set of goods sold by a large grocery chain. To the extent that the nature of price setting and the costs to arbitrage vary across goods, or across retailers, further work that encompasses a wider range of goods would be very useful. ) .
Tables and Figures
We can summarize the interior solution for stores in region A as
By analogy, the interior solution for country B is
wherep B is the price charged by border stores N AB and N A + 1 in region B.
A.2 Prices charged by stores at the border
We use the profit maximization conditions for stores at the border to paste the interior solutions together. As discussed previously, we need to consider several different cases.
A.2.1 Case 1 -The marginal customer is at the border
If |p A −p B | < b, the marginal consumer between stores i = 1 and i = N AB will be exactly at the border. Similarly for the border between stores N A and N A + 1. Store 1 will choosê p A to maximize
and store N AB will choosep B to maximize
The corresponding first-order conditions are:
We can substitute for p 2 and p N AB −1 from eqs. (12) and (13). After some manipulation, we obtain, With some simplification we arrive at the expressions in (5).
A.3 Case 2a -The marginal customer for the border stores is located in Country A For this to be the case, we needp A −p B > b. The demand for the border stores located near ω = 0, that is i = 1 and i = N AB , are given by: Substituting for p N AB −1 and p 2 using equations (12) and (13), and after some manipulations, we arrive at the expressions in Proposition 6. 
B Price Index Construction
We calculate the change in the chain-weighted Törnqvist log price index, ln P T Q t (K, i), of category K in store i between period t − 1 and t as
where the weights ω t (k) = 1 2
[s t (k) + s t−1 (k)] use the expenditure shares of good k as a fraction of total expenditures on category K in week t, i.e.
In summing over j we use all stores in the U.S. and in Canada so that differences in the change in the store level price index arises from differences in the rate of change in prices across stores. However, there are many weeks when a particular UPC is not sold in a particular store, that is we have no recorded price change. In this case we drop the observation for the store missing a price change and re-weight the shares across the UPC's for which price information is available in that store. We construct these price indices for different levels of product classifications: subsubclass, subclass, class, category and group. For the case of net (gross) prices we use the net (gross) expenditure shares. Similarly for the imputed net cost (whole-sale cost) measure we use the net (gross) expenditure shares. 
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